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ABSTRACT
Identification of Blow flies (Diptera: Calliphoridae) to species is important for estimating
postmortem intervals, because insect species develop at different rates. Three Blow fly
species in Georgia; Lucilia coeruleiviridis, L. cuprina, and L. sericata are similar
morphologically, making identification difficult. Furthermore, the status of L. cuprina is
in doubt; this species may be a complex of true L. cuprina, and L. cuprina x L. sericata
hybrids. The objective of this study was to survey the Georgia Blow fly community and
validate the statuses of L. coeruleiviridis, L. cuprina, and L. sericata, through
morphological and genetic analyses. For a representative sample, stillborn pigs were
placed at five field sites in South Georgia and flies collected from each location over a 72
hour time period. Morphological identifications, to species, were performed using
dichotomous keys. We found L. coeruleiviridis at all five locations, L. cuprina at two
locations, and zero L. sericata. Lucilia cuprina traits were more variable than previously
reported. We sequenced the COI gene for 31 Lucilia flies; 29 COI sequences confirmed
morphological identifications, while 2 COI sequences did not match the morphological
identifications. There were extremely low sequence differences in both L. coeruleiviridis
and L. cuprina. Thus, this study concluded that although bristles, the key feature used to
identify a species, are more variable than believed, morphological and genetic analyses
correspond well. To ensure a high level of accuracy, however, we suggest that both
morphological and genetic techniques be used to identify Lucilia species in Georgia.
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Introduction
Forensic entomology is the study of insects and arthropods, to assist with civil
and/or criminal investigations (Catts & Goff 1992). There are three broad fields of
forensic entomology: urban, stored-product, and medicolegal (Catts & Goff 1992; Byrd
& Castner 2010). Urban forensic entomology focuses on individuals and insects in their
immediate surroundings; pests include termites, cockroaches, and flies (Byrd & Castner
2010). Most urban lawsuits are civil in nature, and focus on the misuse of pesticides or
neglect of an individual’s care (Catts & Goff 1992). Stored-product forensic entomology
deals with food contamination (Catts & Goff 1992; Byrd & Castner 2010), forensic
entomologists often act as expert witnesses in civil lawsuits (Byrd & Castner 2010).
Lastly, medicolegal forensic entomology, also known as medicocriminal forensic
entomology, utilizes insect evidence to solve criminal cases (Byrd & Castner 2010).
Most medicolegal forensic entomologists identify carrion-feeding insects that inhabit
decomposing remains (Wolff et al. 2001).
When a death scene, with decomposed remains, has been located one key
question asked is, “How long has this individual been deceased?” (Byrd & Castner 2010).
The postmortem interval (PMI), or the “approximate time elapsed from death to
discovery” can be determined in several ways because decomposition is a predictable
process (Gennard 2007). One way is by livor mortis, the settling and clotting of blood
after death when blood no longer flows. After 12 hours, the blood becomes permanently
fixed and the PMI can only be stated to be greater than 12 hours (Guharaj & Chandran
2003). A second method is by analyzing rigor mortis, the stiffening of muscles
throughout the body. After 36 hours, rigor mortis is in the flaccid stage and the PMI can
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only be stated to be greater than 36 hours (Guharaj & Chandran 2003). The third method
is by evaluating algor mortis, the cooling of the body after death from normal body
temperature (37°C) to ambient temperature (Guharaj & Chandran 2003). Although this
technique is this very accurate, ambient temperature is usually reached after 72 hours
(Gennard 2007).
After death, decomposition begins immediately, attracting insects and other
organisms (Gupta et al. 2011). After 72 hours, entomological evidence allows the most
precise estimates of “time of death” (Gupta et al. 2011). As insects are poikilothermic
(cold blooded), they act like a “biological clock” for the decomposing remains as their
development is almost completely dependent on the temperature of the environment
(Catts & Goff 1992). Blow flies (Diptera: Calliphordae) are attracted to decomposing
tissue and excrement (Byrd & Castner 2010), and are usually the first insects to locate
vertebrate remains (Byrd & Castner 2010; Gupta et al. 2011). Blow flies develop in a
predictable sequence—adults lay their eggs in the remains, eggs hatch into first instar
larvae, they continue to develop into second and third instar larva, which pupate, and then
emerge as adults (Samarakoon et al. 2012). This predictable developmental sequence
allows the minimum PMI to be estimated by calculating the time it takes the oldest
growth stage, collected from the remains, to develop (Gennard 2007; Garcia-Rojo et al.
2013).
The most common types of Blow flies are green bottle flies (genus Lucilia), blue
bottle flies (genus Calliphora), and screwworm flies (genus Cochliomyia) (Byrd &
Castner 2010). Green bottle flies, genus Lucilia, consist of 11 species in North America
and are typically recognized by their shining green, blue, or bronze thorax and abdomen
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(Whitworth 2006). These species are dominant during the summer months, but some can
be found in late spring or early fall (Byrd & Castner 2010). Four species of Lucilia are
found in the Southeastern United States (including Georgia): L. cluvia, L. coeruleiviridis,
L. cuprina, and L. sericata. Lucilia. coeruleiviridis and L. sericata are believed to be
widespread species, while L. cluvia and L. cuprina are rarer species (Whitworth 2006;
Byrd & Castner 2010).
For a forensic entomologist, identification of Blow flies (Diptera: Calliphoridae)
from a decedent, to the species level, is a key step in estimating the PMI, because
different blow fly species develop at different rates (Gennard 2007; Bunchu et al. 2012).
Species identifications have been traditionally determined using dichotomous keys (Catts
& Goff 1992). Morphological traits, especially for some species in the genus Lucilia (L.
coeruleiviridis, L. cuprina, and L. sericata), are often subtle and can differ geographically
(Byrd & Castner 2010). If misidentified, this could drastically alter the PMI, based on
the species developmental data (Byrd & Castner 2010). As L. cuprina and L. sericata are
believed to be closely related, their features are very similar; morphological
identifications are often difficult (Byrd & Castner 2010). Furthermore, the status of L.
cuprina as a species is in doubt; this species may be a complex of true L. cuprina, or L.
cuprina x L. sericata hybrids (Tourle et al. 2009).
DNA-based identification methods are a popular choice for insect identifications
because they are rapid, reliable, and useful for any life stage of an organism (Tan et al.
2009). Blow fly larvae (maggots) are difficult to morphologically identify, but this is not
an issue with DNA-based methods because DNA sequences remain the same through all
life stages (Sperling et al. 1994). Mitochondrial DNA (mtDNA) is passed from mother to
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offspring, due to degradation of sperm’s mtDNA in a fertilized egg (Sutovsky et al.
1999). mtDNA is well suited as a marker for insect identification because sequence
variability is high enough for species differentiation and inter-and intraspecific
comparisons (Sperling et al. 1994; Tan et al. 2009). The cytochrome oxidase I (COI)
gene, located on mtDNA, has proven useful in several studies for insect identification
(e.g. Sperling et al. 1994; Harvey et al. 2003; Herbert et al. 2003). This gene is suitable
for DNA-based identification methods because its mutation rate is fast enough to permit
the identification of closely related species, with more than a 2% sequence divergence
detected between different species (Herbert et al. 2003).
When using genetic sequences to classify species, it is important to take into
account within and among species sequences differences. Harvey et al. (2003)
recognized the difficulty in morphologically distinguishing Chrysomya albiceps from C.
rufifacies, and L. cuprina from L. sericata, although these species displayed a 3% to
3.5% sequence difference in the COI gene. In addition to this difference, these species
(C. albiceps, C. rufifacies, L. cuprina, and L. sericata) had a maximum intraspecific
sequence difference of 0.8%, making them easy to distinguish from other species.
Sperling et al. (1994) found a 5% divergence between L. illustris and L. sericata, two
species that are easier to morphologically differentiate from one another. Stevens et al.
(2002) found a 0.2% sequence difference within L. sericata species, showing low
intraspecific variation.
The objective of this experiment is to identify the degree of morphological and
genetic variation within and among three Blow fly species (L. coeruleiviridis, L. cuprina,
and L. sericata); all key species in the Georgia Blow fly community. To date, the degree
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of morphological and genetic variation in the Blow fly community in Georgia has not
been determined. Thus, this study is important from both a regional (species
identifications) and national/international (phylogenetic) perspective. It is our hope that
this study will allow forensic entomologists to more rapidly and accurately identify these
similar-looking Lucilia species through morphological traits and genetic sequences.
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Materials and Methods
On September 5, 2013, six stillborn pigs were obtained and weighed. The pigs
were placed at five different field sites in South Georgia (Table 1). The two smallest pigs
were placed together, at one field site.
Adult flies were collected off of each pig, at each site, at 24, 48, and 72 hours, for
a representative sample (for temperature data at each location see Appendix A). Once
collected, the flies were frozen. Upon returning to the lab the flies were kept frozen at
-20°C, then upon identification they were placed in 75% alcohol for long term storage to
prevent decomposition.

Morphological Analyses
Flies were identified to family using a dichotomous key (Whitworth 2006). Once
it was determined that the species was a Blow fly (Diptera: Calliphoridae) two
dichotomous keys (Whitworth 2006; Marshall et al. 2011) were used to identify
individuals to the species level. While all Blow flies were identified to species
(Appendix B), we focused primarily on L. coeruleiviridis, L. cuprina, and L. sericata.
The key discriminating feature between L. coeruleiviridis and L. sericata was the number
of thoracic postsutural acrostichal bristle pairs. Lucilia coeruleiviridis has two pairs
while L. sericata has three pairs of bristles (Figure 1) (Marshall et al. 2011). After initial
morphological identification all L. sericata species were re-examined using more specific
criteria (Holloway 1991; Tourle et al. 2009) to discriminate L. cuprina and L. sericata
(Table 2, Figure 2).
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Genetic Analyses
A total of 31 Lucilia flies were chosen for genetic analyses: 14 L. coeruleiviridis
and 17 L. cuprina. Lucilia coeruleiviridis were chosen at random from each location as
they exhibited very little morphological variation. All 6 of the L. cuprina collected from
Bleckley, GA 4 were tested, and 11 collected from Bulloch, GA 5 displaying the most
variable morphological differences were analyzed.
For DNA extraction, three legs were removed from each individual of L.
coeruleiviridis (n=14) and L. cuprina (n=17). Key morphological features used for
identification were left intact in the event that additional morphological analyses were
needed. Legs were crushed into pieces, to remove excess ethanol and to free the tissue
from the exoskeleton. DNA was extracted using the Qiagen DNeasy Tissue Kit
following manufacture protocol (Qiagen Inc.).
Polymerase chain reaction (PCR) amplifications were performed in 20 µL
volumes with 5 µL of deionized water, 0.5µM of each primer, 10 Apex Taq Master Mix
(Genesee Scientific), and 3 µL of DNA template. The primers C1-N-2191 and CI-J1751A amplified a region of COI, 450 basepairs in length (Tourle et al. 2009). PCR
Amplification reactions were performed with the following cycling protocol: 94 °C for 3
min, followed by 35 cycles of 94 °C for 30 s, 55°C for 60 s, and 72 °C for 120 s, and a
final extension at 72 °C for 5 min. PCR products were confirmed using a 1% agarose gel
electrophoresis in Tris-acetate-EDTA (TAE) buffer stained with ethidium bromide and
visualized on a UV light transilluminator.
The PCR products were purified using 1 unit Shrimp Alkaline Phosphatase (SAP)
and 0.05 units Exonuclease 1 in 15µL of PCR product. Fragments were sequenced in one
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direction using the C1-N-2191 primer used in amplification. Cycle sequencing was
performed with the Big Dye Terminator Kit, Version 3.1 (Applied Biosystems) and
sequencing products were separated on an ABI 3500 Genetic Analyser.
Sequences from forward reactions were assembled into contigs using Sequencher
4.9 (Gene Codes Corporation) to identify haplotypes and calculate percent sequence
divergence. Each haplotype was BLAST searched in GenBank to find closest species
matches (accession nos. COI: JN869987, JQ246677, KF908125, HQ978727, and
DQ453492) (Wells et al. 2007; Marinho et al. 2012; Jordaens et al. 2013). Sequences
were clustered based on genetic distance using neighbor joining methods. Confidence in
branches was determined by bootstrapping 1000 times.
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Results
Morphological Analyses
A total of 257 blow flies, of six different species, were collected from the five
locations (Table 3). Lucilia coeruleiviridis was collected from all five locations, L.
cuprina was collected at two locations, and no L. sericata were collected (Figure 4).
Within L. cuprina, extensive morphological variation was observed (Tables 4, 5).

Genetic Analyses
For the L. coeruleiviridis individuals tested (n=14), three haplotypes were found.
There was a range of 3.79 - 6.24% sequence differences between the three haplotypes.
The first haplotype (n=12) matched to L. coeruleiviridis with 0% sequence differences
(Voucher: HQ978727). The second haplotype (n=1) (fly 27) most closely matched to L.
sericata with 0.59% sequence differences (Voucher: KF908125; Jordaens et al. 2013).
The third haplotype (n=1) (fly 31) most closely matched L. mexicana with 0.5% sequence
differences (Voucher: DQ453492; Wells et al. 2007).
Of the L. cuprina individuals genetically analyzed (n=17), two haplotypes were
found. There was 2.02% sequence differences between the two haplotypes. The first
haplotype (n=16) matched to L. cuprina with 0% sequence differences (Voucher:
JN869987). The second haplotype (n=1), most closely matched to L. cuprina with 1%
sequence differences (Voucher: JQ246677; Marinho et al. 2012).
There was a range of 7.40 - 7.52% sequence differences between the two L.
cuprina haplotypes and the first L. coeruleiviridis haplotype. There was a range of 1.19 2.10% sequence differences between the two L. cuprina haplotypes and the second L.
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coeruleiviridis haplotype (fly 27) matching L. sericata. And there was a range of 7.10 8.51% difference between the two L. cuprina haplotypes and the third L. coeruleiviridis
haplotype (fly 31) matching L. mexicana (Table 6, Figure 3).
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Discussion
The objective of this study was to identify the degree of morphological and
genetic variation within and among three key Blow fly species in Georgia (L.
coeruleivirdis, L. cuprina, and L. sericata). Unexpectedly, we found a vast amount of
morphological variation in L. cuprina. Despite this variation we found only three L.
coeruleiviridis haplotypes and two L. cuprina haplotypes.
In our study, we found zero L. sericata. This was surprising because it has been
reported to be a common fly species in the Southeastern United States (Whitworth 2006;
Byrd and Castner 2010). In addition to finding zero L. sericata, we found three
Chrysomya megacephla and many C. rufifacies. These latter two species are both
introduced species (Byrd & Castner 2010). In the 1930’s it was observed that C.
rufifacies was reducing Lucilia populations and recently it was stated that C. rufifacies
might be outcompeting L. coeruleivirdis (Byrd & Castner 2010). It is very likely that
these introduced species have altered the Georgia Blow fly community.
Bristle number is a very important trait in traditional morphological
identifications of Blow flies (Tourle et al. 2009). We found that bristle numbers, on
multiple anatomical structures, show more variability than originally reported (Tourle et
al. 2009). To distinguish between L. sericata and L. cuprina, we looked at paravertical
setulae formation (Holloway 1991; Whitworth 2006; Tourle et al. 2009). After noticing
that the paravertical setulae was highly variable within these species, and this variability
overlapped between species, we sought more reliable features to differentiate the two
species (Holloway 1991; Tourle et al. 2009).
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We choose five traits from Holloway (1991) and Tourle et al. (2009) we believed
could reliably distinguish L. cuprina from L. sericata. The first two features were the
color of the abdomen and the femurs; while these features were of a continuous nature,
they did not differ as much as other morphological traits (Tourle et al. 2009). The next
feature was the location of the discal setae; although there was no variation in the
location of this feature, there was extensive variation in the number of discal setae—0, 2,
or 4. In addition to this variation, the setae around the posterior scutellum ranged from 6
- 9. We expected to find only 2 discal setae and 8 setae around the scutellum (Figure 2)
(Holloway 1991).
The fourth feature was the number of setulae located between the discal setae and
the anterior margin of the scutellum. This number ranged, for L. cuprina, from 9 - 23 as
expected (Holloway 1991; Tourle et al. 2009). What was unexpected, however, was that
this number was impossible to count if there were 0 or 4 discal setae. This was because
the 2 discal setae and the anterior margin of the scutellum created a “box” in which to
count the setulae. When 0 or 4 setae were present, it was not possible to know where the
“box” began (Figure 2).
Lastly, the angle of the prevertical setae was noted (Figure 2). We found
variation in the presence of the prevetical setae. In some flies (n=32) both prevetical
setae were present at a 90° angle. According to Holloway (1991) and Tourle et al.
(2009), a 90° prevertical setae angle is characteristic of L. cuprina. Prevertical setae,
however, were absent in some flies (n=16), so the angle could not be determined. In
Figure 2, the L. cuprina and L. sericata heads are both female (Holloway 1991). We
believe that prevertical setae maybe absent in males because their eyes are larger and
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closer together. We also found flies (n=3) that had only one prevertical seta present; two
of the flies had the prevertical seta present on the left side and one fly had it present on
the right side. Thus, this feature does not appear to be a stable feature to use for
identification purposes.
The most crucial ambiguity noted was in the postsutural acrostichal bristle pairs.
This characteristic is the key feature used to differentiate L. coeruleivirdis from L.
sericata (and L. cuprina). Lucilia coeruleiviridis has two pairs of bristles while L.
sericata and L. cuprina has three pairs (Marshal et al. 2011). During this study, we
observed morphological differences in this trait; one fly (fly18) had 2.5 pairs, only 5
bristles. Genetically, this fly was similar to a L. cuprina sequence in GenBank and
matched L. cuprina haplotype 1. In addition to this fly, we identified a L. coeruleiviridis
based on two pairs of postsutural acrostichal bristles (fly 27); though when genetically
tested the closest match was to L. sericata with 0.59% sequence differences. The
sequence difference between fly 27 and L. coeruleiviridis haplotype 1 was 6.24%. The
color of the fly was bronze/blue-green, which was unusual, although a range of colors are
acceptable within each species of Lucillia (Tourle et al. 2009).
Another identification discrepancy was noted with L. coeruleiviridis haplotype 3
(fly 31). This fly was morphologically identified as L. coeruleiviridis; although when
genetically tested the closest match was to L. mexicana with 0.50% sequence differences.
The sequence difference between fly 31 and L. coeruleiviridis haplotype 1 was 3.79%.
Our morphological analyses clearly demonstrated how variable some “stable”
characteristics can be within a species. These characters are often used to identify
species, to determine the PMI in death investigations. If these characters are variable,
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and could lead to species misidentifications, it could lead to an incorrect PMI estimate.
For example, the development time from egg to adult for L. cuprina is only 47 days at
19°C, whereas it is 84 days for L. sericata at a similar temperature (Stevens et al. 2002).
Our genetic analyses revealed few haplotypes, even when the same species was
collected at different locations. The intraspecific sequence difference between the two L.
cuprina haplotypes collected was 2.02%. The interspecific sequence difference between
the two L. cuprina haplotypes and the first L. coeruleiviridis haplotype ranged from 7.40
- 7.52%. Finding few haplotypes in our flies was consistent with other studies such as
Boehme et al. (2012), who found 1 haplotype for 10 L. sericata specimens collected from
a corpse in Germany. Our L. cuprina are considered to be one species, although Harvey
et al. (2003) found 0% sequence differences within L. cuprina sampled from Australia.
This is because the sequence differences are less than the 3 - 3.5% which Harvey et al.
(2003) used to identify one species from another. Lucilia coeruleiviridis haplotype 2 (fly
27) is more complicated, because its intraspecies sequence difference is 6.24% with L.
coeruleiviridis haplotype 1, its interspecies sequence difference ranges from 1.19 - 2.10%
with the L. cuprina haplotypes (a range considered to be within species range), and its
closest match in GenBank is a 0.59% difference to a L. sericata.
It is alarming, though, that when comparing our sequences to others in GenBank
we found identical sequences labeled as different species. We found L. cuprina, L.
sericata, and L. cuprina x L. sericata hybrids all complete matches to each other. There
are at least two non-mutually exclusive reasons for these results: data integrity and
hybridization.
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First, sequence data can be accepted into databases, such as GenBank, without
independent verification (Dawnay et al. 2007). The observed variation in this study
demonstrates that several Blow fly species in GenBank may be misidentified
morphologically and their genetic information named incorrectly. It is imperative that
morphological identifications be accurate, to ensure that sequence data is properly
attributed to the correct species. From an applied perspective, misidentified species can
be very problematic for forensic entomologists working on criminal cases, especially if
they do not conduct their own morphological analyses and, instead, rely solely on
sequence data from a database. PMI estimates could be extremely different if species are
misidentified.
Secondly these database results may occur as a result of hybridization. COI is
located on mtDNA. Because the sperm’s mtDNA is degraded in a fertilized egg only the
mothers DNA is passed onto the offspring, causing this gene to be maternally inherited
(Sutovsky et al. 1999). Additional analyses, using other genes, might show a L. sericata
mother and a L. cuprina father had offspring that the COI gene could not detect. It is
possible that researchers used both the COI gene and other genes (i.e., 28SrDNA gene
used by Tourle et al. 2009) to determine the species and labeled it accordingly. It is
difficult, in GenBank, to determine if a researcher analyzed additional genes simply by
looking at a list of accession numbers.
Because of this hybridization problem, the reliability of the COI gene has been
questioned. With Blow flies, Aly (2014) showed that longer fragments of COI show
monophyletic separation with a high bootstrap (i.e, the longer the COI fragment, the more
reliable the COI is at species separation) although hybridization can still not be
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determined with this gene alone. If hybridization is occurring, this could change the
developmental time of species. As mentioned previously, L. cupina has a development
time of 47 days at 19°C while it takes 84 days for L. sericata to develop (Stevens et al.
2002). If these two species were to hybridize, its developmental time would be unknown.
Would the development time be similar to one of the parents, or would be it be a novel
time unlike either of the two original species?
In conclusion, this study has found that accurate identifications are difficult to
achieve. Several key morphological features (i.e., bristles) are difficult to distinguish,
making accurate Blow fly identifications difficult. Without good morphological
identifications, it is impossible to genetically identify species without error. Even with
these problems, however, there is still good correspondence between Blow fly
morphological and genetic analyses, (i.e., 29 out of 31 morphological identifications were
correctly attributed to those species in GenBank). As there are obstacles with both
morphological and genetic identification methods, we believe the most cautious approach
is to use both methods. By conducting both types of analyses, you ensure that you have
identified each species to the best of your ability. This degree of accuracy is essential,
especially if the information pertains to a PMI estimation in a criminal investigation.
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Tables
Table 1: Field site characteristics, where pigs were placed, for Blow fly collections
Location
Bleckley, GA 1
Bleckley, GA 2
Bleckley, GA 3
Bleckley, GA 4
Bulloch, GA 5

Weight of Pig
2 lbs. 4.5 oz.
2 lbs. 2.5 oz.
2 lbs. 7.0 oz.
3 lbs. 0.5 oz.
1 lb. 15.0 oz.,
1 lb. 13.0 oz.

Latitude
32.46141°N
32.45271°N
32.32019°N
32.32033°N
32.36165°N
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Longitude
83.32721°W
83.33329°W
83.39126°W
83.30771°W
81.77783°W

Altitude
131.80 m
128.9 m
104.4 m
87.70 m
65.10 m

Table 2: Morphological characteristics used to discriminate L. sericata and L. cuprina
Characteristics
Body Color
Femur Color
Location of Discal Setae
Number of Setulae on Quadrant between
Anterior Margin and Discal Setae
Angle of the Prevertical Setae

L. sericata
Metallic Bluegreen
Sub-metallic
Blushish Black
Below Second
Setae on Each Side
35-55

Above Second
Setae on Each Side
15-25

>90°

90°
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L. cuprina
Coppery Metallic
Green
Metallic Green

Table 3: Total number of Blow flies collected
Species
Number Collected
Chrysomya megacephala
3
Chrysomya rufifacies
59
Cochliomyia macellaria
78
Lucilia coeruleiviridis
66
Lucilia cuprina
48
Phormia regina
3
Total
257
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Table 4: Morphological variation in L. cuprina at Bleckley, GA 4
Number Number Number of
of Flies of
Setae
Discal
Around
1
Setae
the
Scutellum2
4
2
8
1
2
8
1
0
8

Number of
Setulae Between
the Anterior
Margin and
Discal Setae3
Range: 14-18
19
Not Applicable

Presence and
Angle of
Prevertical
Setae4

Postsutural
Acrostichal
Bristles5

Present at 90°
Not present
Present at 90°

3
3
3

Table 5: Morphological variation in L. cuprina at Bulloch, GA 5
Number Number Number of
of Flies of
Setae
Discal
Around
Setae1
the
Scutellum2
21
2
8
12
2
8
3
2
8

Number of
Setulae Between
the Anterior
Margin and
Discal Setae3
Range: 12-21
Range: 11-23
Range: 13-15

1
1
1
1
1
1

Not Applicable
Not Applicable
9
19
22
20

1.

4
8
0
7
2
7
2
6
2
9
2
8
Letter d on Figure 2

Presence and
Angle of
Prevertical
Setae4

Postsutural
Acrostichal
Bristles5

Present at 90°
Not present
Half present
at 90° (1 + 0)
and (0+1)
Present at 90°
Present at 90°
Not present
Not present
Not present
Present at 90°

3
3
3

3
3
3
3
3
2.5 pairs

2.

Letter s on Figure 2

3.

Setulae in the box on Figure 2

4.

Prevertical setae often varied with one side present, both sides present, or both
sides absent (letter p on Figure 2).

5.

Key distinguishing feature between L. coeruleivirdis and L. cuprina (Whitworth
2006; Marshall et al. 2011). Fly 18 had 2 bristles on the left and 3 on the right
making it 2.5 pairs.
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Table 6: Pair-wise genetic distance values

1

L. cuprina V1

2

L. cuprina H1
Fly 8*
L. cuprina V2

3

1
-

2

3

4

5

6

7

8

9

0.0000 0.0192 0.0192 0.0202 0.0202 0.0100 -

5

L. cuprina H2
Fly 20*
L. sericata V

6

Fly 27*

0.0119 0.0119 0.0150 0.0210 0.0059 -

7

L. coeruleivirdis 0.0764 0.0764 0.0818 0.0752 0.0634 0.0635 V
L. coeruleivirdis 0.0752 0.0752 0.0806 0.0740 0.0622 0.0624 0.0000 H Fly 1*
0.0766 0.0766 0.0906 0.0908 0.0688 0.0690 0.0438 0.0431 L. mexicana V

4

8
9

10 Fly 31*

Key:

10

0.0059 0.0059 0.0089 0.0149 -

0.0710 0.0710 0.0849 0.0851 0.0622 0.0624 0.0385 0.0379 0.0050 -

L. cuprina V1 (voucher JN869987)
L. cuprina H1 Fly 8* (haplotype 1)
L. cuprina V2 (voucher JN869987)
L. cuprina H2 Fly 20* (haplotype 2)
L. sericata V (voucher JN869987)
Fly 27*
L. coeruleiviridis V (voucher HQ978727)
L. coeruleiviridis H Fly 1* (haplotype 1)
L. mexicana V (voucher DQ453492)
Fly 31*

*Samples from our flies
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Figures

Figure 1: Postsutural acrostichal bristles: The center pairs of bristles after the thoracic
suture line - L. coeruleiviridis has two pairs, L. sericata has three pairs (Marshall et al.
2011)
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s

Figure 2:: Diagnostic features of the head and sscutellum for Lucilia species
pecies
1: Head of L. cuprina female
2: Head of L. sericata female
3: Scutellum of L. cuprina female
4: Scutellum of L. sericata male
Necessaryy abbreviations: d: discal setae, p: pre-vertical setae, s: setae around the
scutellum (Holloway 1991)
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Figure 3: Neighbor joining tree clustering sequences by genetic distance

Key:

L. cuprina H2 Fly 20* (haplotype 22)
L. cuprina V2 (voucher
voucher JN869987)
L. cuprina H1 Fly 8* (haplotype 11)
L. cuprina V1 (voucher
oucher JN869987)
L. sericata V (voucher
voucher JN869987)
Fly 27*
L. coeruleiviridis H Fly 1* (haplotype 1)
L. coeruleiviridis V (voucher HQ978727)
Fly 31*
L. mexicana V (voucher DQ453492)

*Samples from our flies
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45

Bleckley, GA 1

Number of Flies Collected

40
Bleckley, GA 2

35

Bleckley, GA 3

30
25

Bleckley, GA 4

20

Bulloch, GA 5

15
10
5
0

Species
Figure 4: Number of Blow flies collected, of each species, from each location (for
locations, see Table 1)

27

References
Aly, S. A. (2014). Reliability of long vs short COI markers in identification of
forensically important flies. Croatian Medical Journal, 55, 19-26.
Boehme, P., Amendt, J. & Zehner, R. (2012). The use of COI barcodes for molecular
identification of forensically important fly species in Germany. Parasitology
Research, 110, 2325-2332.
Bunchu, N., Thaipakdee, C., Vitta, A., Sanit, S., Sukontason, K. & Sukontason, K. L.
(2012). Morphology and developmental rate of the blow fly, Hemipyrellia
ligurriens (Diptera: Calliphoridae): Forensic entomology applications. Journal of
Parasitology Research, 2012, 1-10.
Byrd, J. H. & Castner, J. L. (eds.). (2010). Forensic Entomology: The Utility of
Arthropods in Legal Investigations. CRC Press, Boca Raton, FL. 681pp.
Catts, E. P. & Goff, M. L. (1992). Forensic entomology in criminal investigations.
Annual Review of Entomology, 37, 253-272.
Dawnay, N., Ogden, R., McEwing, R., Carvalho, G. R. & Thorpe, R. S. (2007).
Validation of the barcoding gene COI for use in forensic genetic species
identification. Forensic Science International, 173, 1-6.
Garcia-Rojo, A. M., Martinez-Sanchez, A., Lopez, R., Garcia de la Vega, J. M., Rica, M.,
Gonzalez, M. & Disney, R. H. L. (2013). A mathematical model applied for
assisting the estimation of PMI in a case of forensic importance. First record of
Conicera similis (Diptera: Phoridae) in a corpse. Forensic Science International,
231, e11-e18.
Gennard, D. E. (2007). Forensic Entomology. Wiley, Chichester, UK. 224pp.

28

Georgia Automated Environmental Monitoring Network. (2011) [Data File].
http://www.griffin.uga.edu/aemn/
Guharaj, P. V. & Chandran M. R. (eds.) (2003). Forensic Medicine, 2nd edn. Orient
Longman Pvt. Limited, India. 472pp.
Gupta, P., Arora, A., Mahajan, S., Kaur, N. & Khurana, B. (2011). Insects as crime
investigators: Medicolegal entomology. Indian Journal of Forensic Medicine &
Toxicology, 5, 70-72.
Harvey, M. L., Mansell, M. W., Villet, M. H. & Dadour, I. R. (2003). Molecular
identification of some forensically important blowflies of southern Africa and
Australia. Medical and Veterinary Entomology, 17, 363–369.
Herbert, P. D. N., Ratnasingham, S. & deWaard, J. R. (2003). Barcoding animal life:
cytochrome c oxidase subunit 1 divergences among closely related species.
Proceedings of the Royal Society Biological Sciences, 270, S96-S-99.
Holloway, B. A. (1991). Morphological characters to identify adult Lucilia sericata
(Meigen, 1826) and L. cuprina (Wiedemann, 1830) (Diptera: Calliphoridae). New
Zealand Journal of Zoology, 18, 413-420.
Jordaens, K., Sonet, G., Braet, Y., De Meyer, M., Backeljau, T., Goovaerts, F.,
Bourguignon, L. & Desmyter, S. (2013). DNA barcoding and the differentiation
between North American and West European Phormia regina (Diptera,
Calliphoridae, Chrysomyinae). Zookeys, 365, 149-174

29

Marshall, S.A., Whitworth, T. & Roscoe, L. (2011). Blow flies (Diptera: Calliphoridae)
of eastern Canada with a key to Calliphoridae subfamilies and genera of eastern
North America, and a key to the eastern Canadian species of Calliphorinae,
Luciliinae and Chrysomyiinae. Canadian Journal of Arthropod Identification, 11,
1-93.
Marinho, M. A., Junqueira, A. C., Paulo, D. F., Esposito, M. C., Villet, M. H. &
Azeredo-Espin, A. M. (2012). Molecular phylogenetics of Oestroidea (Diptera:
Calyptratae) with emphasis on Calliphoridae: Insights into the inter-familial
relationships and additional evidence for paraphyly among blowflies. Molecular
Phylogenetics and Evolution, 65, 840-854.
Samarakoon, U., Skoda, S. R., Baxendale, F. P., Foster, J. E. (2012). A molecular key for
the identification of blow flies in southeastern Nebraska. Journal of Forensic
Science, 58, 173-178.
Sperling, F. A. H., Anderson, G. S. & Hickey, D. A. (1994). A DNA-based approach to
the identification of insect species used for postmortem interval estimation.
Journal of Forensic Sciences, 39, 418-427.
Stevens, J. R., Wall, R. & Wells, J. D. (2002). Paraphyly in Hawaiian hybrid blowfly
populations and the evolutionary history of anthropophilic species. Insect
Molecular Biology, 11, 141-148.
Sutovsky, P., Moreno, R. D., Ramalho-Santos, J., Dominko, T., Simerly, C. & Schatten,
G. (1999). Development: Ubiquitin tag for sperm mitochondria. Nature, 402, 371372.

30

Tan, S. H., Aris, E. M., Surin J., Omar B., Kurahashi H. & Mohamed Z. (2009).
Sequence variation in the cytochrome oxidase subunit I and II genes of two
commonly found blow fly species, Chrysomya megacephala (Fabricius) and
Chrysomya rufifacies (Macquart) (Diptera: Calliphoridae) in Malaysia. Tropical
Biomedicine, 26, 173-181.
Tourle, R., Downie, D. A. & Villet, M. H. (2009). Flies in the ointment: A morphological
and molecular comparison of Lucilia cuprina and Lucilia sericata (Diptera:
Calliphoridae) in South Africa. Medical and Veterinary Entomology, 23, 6–14.
Wells, J. D., Wall, R. & Stevens, J. R. (2007). Phylogenetic analysis of forensically
important Lucilia flies based on cytochrome oxidase I sequence: A cautionary tale
for forensic species determination. International Journal of Legal Medicine, 121,
229-233.
Whitworth, T. (2006). Keys to the genera and species of blow flies (Diptera:
Calliphoridae) of America North of Mexico. Proceedings of the Entomological
Society of Washington, 108, 689-725.
Wolff, M., Uribe, A., Ortiz, A. & Duque, P. (2001). A preliminary study of forensic
entomology in Medellın, Colombia. Forensic Science International, 120, 53-59.

31

Appendices
Appendix A: Temperature data and locations from which it was retrieved (Georgia
Automated Environmental Monitoring Network 2011).
Table A1: Locations of sites used for temperature data
City

County Zip
Local Site
Latitude
Longitude
Elevation
Code Name
Jeffersonville Twiggs 31044 Twiggs County 32.68256°N 83.35946°W 160 m
Comprehensive
Middle High
School
Statesboro
Bulloch 30458 Bulloch
32.48523°N 81.81386°W 76 m
County Board
of Education
Maintenance &
Transportation
Annex

Table A2: Temperature data from Twiggs County Comprehensive Middle and High
School used for Bleckley, GA 1-4
Date
5-Sep-13
6-Sep-13
7-Sep-13
8-Sep-13

Maximum
Temperature (°C)
32.7
31.1
30.2
31.7

Minimum
Temperature (°C)
21.2
20.6
18.7
17.5

Rain
(cm)
0.00
0.00
0.00
0.00

Table A3: Temperature data from Bulloch County Board of Education Maintenance &
Transportation Annex used for Bulloch, GA 5
Date
5-Sep-13
6-Sep-13
7-Sep-13
8-Sep-13

Maximum
Temperature (°C)
32.2
31.1
31.2
32.2

Minimum
Temperature (°C)
21.6
20.7
19.2
19.3
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Rain
(mm)
0.30
0.00
0.00
0.00

Appendix B: Key traits of Blow fly species relevant to this project

•

Cochliomyia macellaria (Marshall 2011):
o Three large, distinct, black stripes on their scutum
o Yellow genal dilation

•

Chrysomya megacephala (Whitworth 2006):
o Dark orange/brown anterior spiracle
o Orange genal dilation
o Enlarged upper facets on the eyes of males

•

Chrysomya rufifacies (Whitworth 2006):
o Pale/white anterior spiracle
o Pale genal dilation
o No enlarged upper facets on the eyes of males

•

Lucilia cuprina (Whitworth 2006):
o Three postsutural acrostichial bristles
o Yellow/orange basicosta
o Copper-metallic abdomen
o 1 central occipital seta located below inner vertical seta (we did not use
this trait)

•

Lucilia coeruleivirdis (Whitworth 2006):
o Two postsutural acrostichial bristles
o Yellow/orange basicosta
o Green-blue metallic abdomen
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•

Lucilia mexicana (Whitworth 2006):
o Two postsutural acrostichial bristles
o Dark basicosta
o Two or more complete rows of black postocular setae

•

Lucilia sericata (Whitworth 2006):
o Three postsutural acrostichial bristles
o Yellow/orange basicosta
o Green-blue metallic abdomen
o 2-5 central occipital setae located below inner vertical seta (we did not use
this trait)

•

Phormia regina (Marshall 2011)
o Abdomen uniform in color
o Black genal dilation
o Orange bristles covering the anterior thoracic spiracle
o Two postsutural intra-alar bristles
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Appendix C: Genetic sequences aligned with L. cuprina
DNA sequences for L. cuprina V1 (voucher JN869987), Fly 8 L. cuprina H1 (haplotype
1), L. cuprina V2 (voucher JN869987), Fly 20 L. cuprina H2 (haplotype 2), L. sericata V
(voucher JN869987), and Fly 27, across the mitochondrial COl gene. Dashes indicate
identity to sequence L. cuprina V1, while asterisks indicate differences.

L. cuprina V1

#1

GGTATAAAAT TGGATCTCCT CCTCCTGCAG GATCAAAGAA

L. cuprina H1 Fly 8

#1

---------- ---------- ---------- ----------

L. cuprina V2

#1

---------- ---------- --------T- ----------

L. cuprina H2 Fly 20 >#22>

-------T- ---------*

L. cuprina V1

#41

TGATGTATTA AGATTTCGGT CTGTTAAAAG TATTGTAATA

L. cuprina H1 Fly 8

#41

---------- ---------- ---------- ----------

L. cuprina V2

#41

---------- --------A- ---------- ----------

L. cuprina H2 Fly 20

#41

---------- --------A- ---------- ---------*

L. cuprina V1

#81

GCTCCTGCTA ATACTGGTAA TGATAATAAA AGCAATAAAG

L. cuprina H1 Fly 8

#81

---------- ---------- ---------- ----------

L. cuprina V2

#81

-----A---- ---------- ---------- --T-------

L. cuprina H2 Fly 20

#81

-----A---- ---------- ---------- --T-------

L. sericata V

>#87>

---- ---------- ---------- --T-------

Fly 27

>#87>

---- ---------- ---------- --T------*

*

L. cuprina V1

#121

CTGTAATTAC TACTGATCAA ACAAATAAAG GTATTCGATC

L. cuprina H1 Fly 8

#121

---------- ---------- ---------- ----------

L. cuprina V2

#121

---------- ---------T ---------- ----------

L. cuprina H2 Fly 20

#121

---------- ---------T ---------- -------G--

L. sericata V

#121

---------- ---------- ---------- ----------

Fly 27

#121

---------- ---------- ---------- ---------*
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*

L. cuprina V1

#161

AAAAGTAATT CCTGTTGATC GTATATTAAT AACTGTAGTA

L. cuprina H1 Fly 8

#161

---------- ---------- ---------- ----------

L. cuprina V2

#161

---------- ---------- ---------- ----------

L. cuprina H2 Fly 20

#161

---------- ---------- -C-------- ----------

L. sericata V

#161

---------- ---------- ---------- ----------

Fly 27

#161

-----A---- ---------- ---------- ---------*

*

L. cuprina V1

#201

ATAAAATTTA CAGCTCCTAA AATTGAAGAA ATTCCTGCTA

L. cuprina H1 Fly 8

#201

---------- ---------- ---------- ----------

L. cuprina V2

#201

---------- ---------- ------G--- ----------

L. cuprina H2 Fly 20

#201

---------- ---------- ------G--- ----------

L. sericata V

#201

---------- ---------- ---------- ----------

Fly 27

#201

---------- ---------- ---------- ---------*

L. cuprina V1

#241

AATGAAGAGA GAAAATAGCT AAATCAACAG AAGCTCCTCC

L. cuprina H1 Fly 8

#241

---------- ---------- ---------- ----------

L. cuprina V2

#241

---------- ---------- ---------- ----------

L. cuprina H2 Fly 20

#241

---------- ---------- ---------- ----------

L. sericata V

#241

---------- ---------- ---------- ----------

Fly 27

#241

---------- ---------- ---------- ----------

L. cuprina V1

#281

ATGAGCAATA TTAGAAGATA GGGGAGGGTA AACTGTTCAT

L. cuprina H1 Fly 8

#281

---------- ---------- ---------- ----------

L. cuprina V2

#281

G--------- ---------- -A-------- ----------

L. cuprina H2 Fly 20

#281

---------- ---------- ---------- ----------

L. sericata V

#281

---------- ---------- -A-------- ----------

Fly 27

#281

---------- ---------- AA-------- ---------*

**
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L. cuprina V1

#321

CCTGTTCCAG CTCCGTTTTC TACTATACTA CTAACTAATA

L. cuprina H1 Fly 8

#321

---------- ---------- ---------- ----------

L. cuprina V2

#321

---------- ---------- ---------- ----------

L. cuprina H2 Fly 20

#321

---------- ---------- ---------- ----------

L. sericata V

#321

---------- ---------- ---------- ----------

Fly 27

#321

---------- ---------- ---------- ----------

L. cuprina V1

#361

ATAAAGTTAA TGCAGGAGGT AAAAGTCAAA AACTTATATT

L. cuprina H1 Fly 8

#361

---------- ---------- ---------- ----------

L. cuprina V2

#361

---------- ---------- ---------- ----------

L. cuprina H2 Fly 20

#361

---------- ---------- ---------- ----------

L. sericata V

#361

---------- ---------- ---------- ----------

Fly 27

#361

---------- ---------- ---------- ----------

L. cuprina V1

#401

ATTTATTCGA GGGAATGCTA TATC

L. cuprina H1 Fly 8

#401

---------- ---------- ----

L. cuprina V2

#401

---------- ---------- ----

L. cuprina H2 Fly 20

#401

---------- ---------- ----

L. sericata V

#401

---------- ---------- ----

Fly 27

#401

---------- ---------- ----
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Appendix D: Genetic sequences aligned with L. coeruleiviridis
DNA sequences for L. coeruleiviridis H Fly 1* (haplotype 1), L. coeruleiviridis V
(voucher HQ978727), Fly 31*, and L. mexicana V (voucher DQ453492), across the
mitochondrial COl gene. Dashes indicate identity to sequence L. coeruleiviridis V, while
asterisks indicate differences.

L. coeruleiviridis V

#1

TAAATGTTGG TATAAAATTG GGTCTCCCCC TCCGGCAGGG

L. coeruleiviridis H Fly 1

#1

---------- ---------- ---------- ----------

L. mexicana V

>#29>

-- ----------

Fly 31

>#29>

-- ----------

L. coeruleiviridis V

#41

TCAAAGAATG AAGTATTAAG GTTTCGATCA GTTAAAAGTA

L. coeruleiviridis H Fly 1

#41

---------- ---------- ---------- ----------

L mexicana V

#41

---------- -G-------- ------G--- ----------

Fly 31

#41

---------- -G-------- ------G--- ------------------- -*-------- ------*--- ----------

L. coeruleiviridis V

#81

TAGTAATAGC TCCAGCTAAT ACTGGTAAAG ATAGTAAAAG

L. coeruleiviridis H Fly 1

#81

---------- ---------- ---------- ----------

L. mexicana V

#81

---------- ---G------ ---------- ---A------

Fly 31

#81

---------- ---G------ ---------- ---A------

L. sericata V

>#95>

------ --------T- ---A------

Fly 27

>#95>

------ --------T- ---A--------------- ---*------ --------*- ---*------
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L. coeruleiviridis V

#121

TAATAAAGCT GTAATTACTA CGGATCAAAC AAATAATGGC

L. coeruleiviridis H Fly 1

#121

---------- ---------- ---------- ----------

L. mexicana V

#121

---------- ---------- -A-------- ---------T

Fly 31

#121

---------- ---------- -A-------- ---------T

L. sericata V

#121

---------- ---------- -T-------- ------A--T

Fly 27

#121

---------- ---------- -T-------- ------A--T
---------- ---------- -*-------- ------*--*

L. coeruleiviridis V

#161

ATTCGGTCAA AAGTAATTCC TGTTGATCGT ATATTAATAA

L. coeruleiviridis H Fly 1

#161

---------- ---------- ---------- ----------

L. mexicana V

#161

-----A---- -------C-- ---------- ----------

Fly 31

#161

-----A---- -------C-- ---------- ----------

L. sericata

#161

-----A---- ---------- ---------- ----------

Fly 27

#161

-----A---- ---A------ ---------- --------------*---- ---*---*-- ---------- ----------

L. coeruleiviridis V

#201

CTGTAGTAAT AAAATTTACT GCTCCTAAAA TTGAAGAAAT

L. coeruleiviridis H Fly 1

#201

---------- ---------- ---------- ----------

L. mexicana V

#201

---------- ---------- ---------- ----------

Fly 31

#201

---------- ---------- ---------- ----------

L. sericata V

#201

---------- ---------A ---------- ----------

Fly 27

#201

---------- ---------A ---------- ------------------- ---------* ---------- ----------

L. coeruleiviridis V

#241

CCCGGCTAAA TGTAGGGAAA AAATAGCTAA ATCTACAGAA

L. coeruleiviridis H Fly 1

#241

---------- ---------- ---------- ----------

L. mexicana V

#241

T--A------ ---------- ---------- ----------

Fly 31

#241

T--A------ ---------- ---------- ----------

L. sericata V

#241

T--T------ --A--A--G- ---------- ---A------

Fly 27

#241

T--T------ --A--A--G- ---------- ---A-----*--*------ --*--*--*- ---------- ---*------
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L. coeruleiviridis V

#281

GCTCCTCCAT GAGCAATATT AGAAGATAAG GGGGGGTAAA

L. coeruleiviridis H Fly 1

#281

---------- ---------- ---------- ----------

L. mexicana V

#281

-----A---- -G--G----- ---------- --A-------

Fly 31

#281

---------- -G--G----- ---------- --A-------

L. sericata V

#281

---------- ---------- --------GA --A-------

Fly 27

#281

---------- ---------- ---------A --A-----------*---- -*--*----- --------** --*-------

L. coeruleiviridis V

#321

CTGTTCATCC TGTTCCAGCT CCGTTTTCTA CTATACTACT

L. coeruleiviridis H Fly 1

#321

---------- ---------- ---------- ----------

L. mexicana V

#321

---------- ---------C ---------- ----------

Fly 31

#321

---------- ---------C ---------- ----------

L. sericata V

#321

---------- ---------- ---------- ----------

Fly 27

#321

---------- ---------- ---------- ------------------- ---------* ---------- ----------

L. coeruleiviridis V

#361

TACTAATAAT AAAGTTAATG CAGGAGGGAG GAGTCAAAAA

L. coeruleiviridis H Fly 1

#361

---------- ---------- ---------- ----------

L. mexicana V

#361

--------G- ---------- ----G----- ----------

Fly 31

#361

---------- ---------- ----G----- ----------

L. sericata V

#361

A--------- ---------- -------T-A A---------

Fly 27

#361

A--------- ---------- -------T-A A--------*-------*- ---------- ----*--*-* *---------

L. coeruleiviridis V

#401

CTTATATTAT TTATTCGAGG GAATGC

L. coeruleiviridis H Fly 1

#401

---------- ---------- ------

L. mexicana V

#401

---------- ---------- ------

Fly 31

#401

---------- ---------- ------

L. sericata

#401

---------- ---------- ------

Fly 27

#401

---------- ---------- ------
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